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(54) Midsole for shoe 

(57) An integrally molded midsole 10 for an athletic shoe 12 having tubular suspension members 20 is disclosed. 
The tubular suspension members 20 behave as springs and have spring constants which may be designed for a particular 
application by choice of the tube length, the tube wall thickness or the hardness of the tube material. Preferably, the 
midsole 10 Is made of an elastomer such as HYTREL® that Is cast in a preforrhed shape and thereafter subjected to 
substantial compressive forces so that the tubular springs 20 take a compression set and thereafter perform as near-ideal 
springs. 
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Description 

Field of the Invention 

The present invention relates to soles for shoes and 
more particularly relates to a midsole for an athletic shoe. 

Description of Related Art 

Soles in athletic shoes are expected to provide 
shock absorption and stability. Shock absorption mini- 
mizes the Impact of a runner's footfalls to lessen stress 
on the leg muscles and joints. Stability Is necessary to 
control the amount of lateral nation of a foot in order to 
prevent over pronation thereby lessen the stress on the 
lower legs. 

During nomfial motion, the foot of a typical runner 
hits the ground heel first. The foot then rolls fonArardly 
and Inwardly over the ball of the foot. During the time that 
the foot is moving from heel strike to the ball of the foot, 
the foot is typically rolling from the outside or lateral side, 
to the inside or medial side of the foot; a process called 
pronation. After the ball contacts the ground, the foot 
continues rolling fonward onto the toes. During motion 
through ball and toe contact, the foot rotates outward as 
the toes prepare to push off; a process called supination. 
The foot remains supinated while it is lifted off the ground 
between footfalls. 

Pronation, the Inward roll of the foot in contact with 
the ground, although normal, can be a potential source 
of foot and leg injury if it is excessive. Many prior art soles 
have been designed with the goal of preventing over pr- 
onation and controlling supination. The lateral motion of 
the foot, that is abduction and adduction, can be control- 
led by providing a stable sole. However, as the stability 
of the sole increases, the shock absorption properties of 
the sole decrease. Thus, soles must be designed to 
properly balance the properties of stability and shock ab- 
sorptk)n to provide optimum characteristics for both pa- 
rameters. This design goal is further complicated by the 
fact that foot size is largely unrelated to body mass. For 
example, two people of equal weight may have feet that 
are two or three sizes apart and conversely, two people 
with the same foot size may have substantially different 
body mass. Thus, a shoe that is stable for a 1 30 pound, 
size 9 runner may not be stable for a 160 pound, size 9 
runner. 

Durability of the midsole, as measured by its ability 
to withstand cyclical loading without degradation of mid- 
sole properties, is also an important design goal. Most 
present-day athletic shoes use a midsole of an. elasto- 
meric foam, such as ethylene vinyl acetate (EVA). EVA 
foam allows designers to adjust the density, and hence 
the hardness, of the foam to provide various midsole 
properties in an attempt to balance shock absorption and 
stability. As is well-known to those skilled in the art, the 
higher-density EVAs provide a stable platform but less 
shock absorption, while the low-density EVA foams pro- 



vide better shock absorption but less stability because 
they cannot control the lateral movement of the foot. EVA 
foams typically have a useful life of approximately 
600,000 cycles before there is a noticeable degradation 

s in their performance. For these and other reasons, there 
is a continuing search for alternative mklsde designs. 

Cohen. U.S. Patent Nos. 4,753,021 and 4,754,559. 
discloses a midsole for a shoe having a sheet of rub- 
ber-like material with a plurality of ribs separating an up- 

10 per and lower surface. As a load is applied to the midsole 
the ribs collapse thereby absorbing energy As a load is 
removed the resilient nature of the ribs causes them to 
spring back to their prevk>us shape. Cohen discloses 
plural embodiments Including those in which the ribs 

'5 form channels that are arranged parallel to, and orthog- 
onal to a longitudinal axis of the elongate sole. Because 
of the design and choice of materials, Cohen would not 
represent an enhanced performance sole for use in an 
athletb shoe. 

20 

Summary of the Invention 

The present invention seeks to provide a midsole 
having superior stability and shock absorption properties 

25 in a midsole design that can be customized for different 
applications and body-type characteristics. In additton 
the present lnventk)n seeks to provide a high perfomi- 
ance midsole having superior durability. 

A preferred embodiment of the present invention 

30 provides a molded midsole formed of an elastomer 
whose ration of plastic deformation to elastic deforma- 
tion is greater than 1.5 to 1. Preferably, the elastomer is 
a copolyester polymer elastomer such as that manufac- 
tured and sold by E. I. duPont de Nemours under the 

35 trademark HYTREL®. The present Invention has been 
cyclically loaded to 1.2 million cycles before suffering a 
degradation of performance. This represents a 50% in- 
crease in useful life over typical prtor art EVA foam soles. 
In the preferred embodiment, the midsole is an inte- 

40 gral, one-piece-molded midsole having a curvilinear, 
elongate top surface and a plurality of integrally molded, 
transversely arranged tubes which individually function 
as compression spring elements. A lower surface is in- 
tegrally molded with the lower portion of the tubes there- 

4S by providing more structural integrity for the mkisole and 
providing a surface upon which an outer sole may be ap- 
plied. 

The performance properties of the midsole can be 
controlled by changing the spring constant of the tubes 

50 such as by increasing the wall thickness of the tubes, 
increasing the tubes' length or the hardness of the ma- 
terial. For example. In the heel section of a preferred em- 
bodiment, short tube segments are provided along later- 
al and medial edges of the midsole thereby providing a 

55 central opening having no tubes therein. The midsole 
can be designed so that the tubes abng the medial edge 
have thicker wall sections, or are slightly longer, than the 
tubes along the lateral edge, thereby creating a higher 
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spring constant and providing control for over pronation. 
Also, a preferred embodiment includes forefoot tubes 
having slit-like openings along their length to permit a 
great deal of midsole flexibility along the longitudinal di- 
rection. Additionally, the wall thickness of the forefoot 
tube can be greater along the medial edge than the lat- 
eral edge, or vice versa, to provide lateral stability for dif- 
ferent types of runners, e.g., over pronators. 

In other preferred embodiments of the invention the 
midsole is manufactured in two pieces comprising a fore- 
foot section and a rearfoot section. Each individual sec- 
tion would substantially resemble its respective portion 
of the one-piece integrally molded midsole. However, by 
manufacturirig the midsole in two pieces it may be pos- 
sible to reduce the number of manufacturing molds. Ad- 
ditionally, it would be possible to mix properties between 
various rearfoot sections and forefoot sections. For ex- 
ample, a rearfoot sectbn designed for a heavy heei- 
strike-type runner and having good shock absorptbn 
could be combined with a forefoot section providing sub- 
stantial stability against over pronation. 

Various advantages and features of novelty which 
characterize the invention are particularized in the claims 
forming a part hereof. However, for a better understand- 
ing of the invention, its advantages, and objects obtained 
by its use. reference should be had to the drawings which 
form a part hereof and to the accompanying descriptive 
matter in which there is illustrated and described pre- 
ferred embodiments of the invention. 

Brief Deacrlptten of the Drawings 

Fig. 1 is a side view of a running shoe worn by a 
runner. 

Fig. 2 is a top plan view of a preferred embodiment 
of a midsole of the present Invention. 

Fig. 3 is a side elevation view taken of the midsole 
of Fig. 2. 

Fig. 4 is a perspective bottom view of a preferred 
embodiment of a midsole of the present invention. 

Fig. 5 Is an elevatnnal cross-section takeri atong 
lines 5-5 of Fig. 8. 

Fig. 6 is a side elevation view wherein a midsole is 
flexed along a forefoot portion. 

Fig. 7 is a detail of a side elevation view of a preform 
heel portion of a midsole of the present inventbn. 

Fig. 8 Is a detail of a side elevatton view of a heel 
portion of a midsole of the present Invention. 

Fig. 9 is a bottom perspective view of a midsole of 
an altemative embodiment of the present invention. 

Fig. 10 is a side elevation view of the midsole and 
further showing an attached outer sole. 

Fig. 11 Is a top plan view of an alternative embodi- 
ment of the midsole of the present invention. 



Detailed Description ot the Preferred 

Embodiments 

Fig. 1 shows a midsole 10 of the present invention 
5 in its preferred environment as a midsole for an athletic 
shoe 12 to be worn by a runner or the like. Typically, the 
shoe 12 is attached to the runner's foot by a lacing sys- 
tem 14. 

With reference to Figs. 2-8, a preferred embodiment 
of the midsole 10 is shown as a one-piece, injec- 
tion-molded elastomer having a top surface 1 6. a bottom 
surface 18, and a plurality of structural webs 20 that ex- 
tend between the top surface 1 6 and the bottom surface 
18. Preferably, the structural webs 20 fonm a tubular 
structure that is integrally formed with the top and bottom 
surfaces. 

Conceptually, the midsole 10 can be divided into a 
forefoot section 22 and a heel section 24. 
Preferably, the structural webs 20 along the heel section 
24 form heel tubes 26 that extend inward from a medial 
edge 28 and from a lateral edge 30. As best shown in 
Fig. 4, a preferred embodiment of the present invention 
has discontinuous heel tubes 26 that extend from the 
medial and lateral edges 28 and 30, respectively, toward 
a central region 32 of the midsole having no tubes there- 
in. The central regk>n is bounded by heel tubes 26, bot- 
tom surface 18 'and top surface 16. Further, in the heel 
sectfon 24, the bottom surface IB forms a "U"-shaped 
surface having legs 34 and 36 that extend from a rear tip 
38 of the midsole toward the forefoot section 22. Asso- 
ciated with each leg 34, 36 Is a width 34', 36', the signif- 
k;ance of which will be explained below. Other embodi- 
ments of the heel sectbn 24 may include heel tubes 26 
that are continuous between the medial and lateral edg- 
es 28, 30, in which the case the bottom surface 18 would 
extend substantially over the heel section 24 and there 
would be no tubeless central region 32. 

The forefoot section 22 similarly comprises the inte- 
grally fonfned top surface 16, bottom surface 18 and in- 
termediate structural webs 20. As with the heel section, 
the structural webs 20 preferably form elongate tubular 
members 40, hereinafter referred to as the forefoot tubes 
40. In the preferred embodiment the forefoot tubes 40 
have slit-like openings 42 that extend along the length of 
the forefoot tubes. The openings 42 permit substantial 
longitudinal flexibility In the forefoot section 22. In Fig. 6. 
the midsole 10 is shown with the forefoot section 22 
flexed, arid the slit openings 42 are shown spread open 
from their relaxed state. Substantial flexibility of the fore- 
foot section along its longitudinal direction is a desirable 
property so that the athletic shoe 1 2 does not inhibit the 
natural tendency of the fool to roll from the heel onto the 
ball of the foot and onto the toe for push-off as the runner 
goes through a stride. The bottom surface is discontinu- 
ous at the openings 42. 

In a preferred embodiment shown in Fig. 4, the fore- 
foot tubes 40 extend continuously from the medial edge 
28 to the lateral edge 30. In an alternative embodiment, 
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shown in Fig. 9, the forefoot tubes 40 are discontinuous 
between the medial and lateral edges, thereby forming 
a central forefoot region 44 having no tubes therein. The 
bottom surface 18 forms a 'U'-shaped surface around 
the central forefoot region 44 thus forming legs 46 and 
48 having widths 46' and 4S', respectively. The signifi- 
cance of the leg widths 46', 46' will be explained below. 
By forming the tubeless central forefoot region, the fore- 
foot section becomes more flexible laterally 

Preferably, the entire midsole is Injection molded as 
one Integral piece of an elastomer having a tensile char- 
acteristic such that the ratio of plastic strain to elastic 
strain Is greater than 1.5 to 1. One such elastomer is a 
copolyester polymer elastomer manufactured and sold 
by E. I. duPont de Nemours under the trademark 
HYTREL®. HYTREL® is reasonably inert and signifi- 
cantly, it is quite durable. Moreover, HYTREL® is not 
subject to tear propagation even when made in relatively 
thin cross-sections. The preferred embodiments of the 
midsole use duPont's HYTREL® composition number 
5556. For a more complete description of this elastomer, 
see U.S. Patent No. 4.198,037 and references cited 
therein. U.S. Patent No. 4,198,037 is hereby incorporat- 
ed herein by reference. 

As noted, the midsole 10 is preferably Injection 
molded of HYTREL®. It is well known that HYTREL® will 
take a compression set. For this reason, the midsole of 
the present invention is molded into a preform and is sub- 
sequently compressed to take that set. As is taught In 
U.S. Patent No. 5,280,890, compression of the 
HYTREL® material also results in orientation of the mo- 
lecular structure and enhances the spring characteristics 
of the material. 

The effect of this compression is illustrated in Figs. 
7 and 8. Fig. 7 illustrates the prefonn configuration, 
wherein the heel tubes 26 have been preformed into an 
oval cross-section so the tubes 26 are tall," thereby pro- 
viding a greater separation between the top surface 16 
and the bottom surface 16. After the preform has been 
removed from the mold and annealed at room tempera- 
ture for up to 24 hours. It is then compressed, preferably 
to a solid position. That is, the top surface 16 is pressed 
toward the bottom surface 18 thus radially compressing 
the heel tubes 26 and forefoot tubes 40. The midsole is 
compressed until it is "solid," wherein further force will 
not further move the surfaces together. 

Upon release of the compressive force, the tubes 
26, 40 will partially spring back to a somewhat circular 
configuration as shown in Fig. 8. The midsole takes a 
'set" in this positbn. Thereafter, the tubes 26, 40 may be 
partially compressed during use by the runner, but as the 
runner's weight is removed, the springs will completely 
return to their set configuration, such as is shown in Fig. 
8. A complete description of the compression set proce- 
dure is provided in U.S. Patent No. 5,280,890, which Is 
hereby incorporated by reference. 

The heet tubes 26 and the forefoot tubes 40 have 
the characteristics of springs and therefore have a meas- 



urable spring constant. It has not yet been determined 
whether the spring constant for the tubes of the present 
invention is a constant, or a function of the amount of 
compressive travel of the tubes. Furthermore, it has not 

5 yet been detemnined what the proper spring constant 
would be for the various configurations disck^sed herein. 
However, It is known that varbus modifications to the 
configurations disclosed herein will affect the spring con- 
stant of the tubes so that the midsole 1 0 can be designed 

10 for particular types and weights of runners after empirical 
data has been collected. 

The spring constant of the tubes can be increased 
by providing a tonger tube. When the midsole 1 0 Is k)ad- 
ed, the surfaces 16, 18 will move towards one another, 

IS thereby radially compressing the tubes under the given 
load. Obviously, a one-inch tube will radially compress 
more than a two-inch tube in length under the same load. 
Thus, the longer tube will have a higher spring constant. 
In the context of an athletk; shoe, the higher spring con- 

20 stant means that the tube will provide greater stability but 
less cushbning. 

The tubes 26, 40 have wall thicknesses 50 and 52. 
respectively which also affect the spring constants. A 
thicker wall thickness 50 or 52 will produce a higher 

2S spring constant In the preferred embodiment of the 
present Invention, the wall thickness of a particular heel 
tube 26 Is constant abhg the length of the tube. The wall 
thickness of the forefoot tubes 40 varies between the me- 
dial edge 28 and the lateral edge 30. preferably in a 

30 step-wise fashion, wherein the wall thickness would be 
a constant along a portion of the forefoot tube 40, and 
the wall thickness would jump to a different thickness at 
some point along the length of the tube. Alternatively, it 
is envisioned that any of the tubes could be provided with 

35 a tapering wall thickness wherein the wall thickness 
changes gradually f roni one end to the other of a partic- 
ular tube. 

The preferred embodiment includes a two-stage 
spring constant In the heel section 24. The heel tubes 26 

40 have a spacing 27 between the opposite walls of adja- 
cent tubes. The spacing 27 is chosen so that those op- 
posing walls touch as the tubes 26 are compressed. Fur- 
ther compression causes the tubes to press against each 
other thereby limiting the motion of the tube walls and 

4S changing the spring constant for further loading. Thus, 
the heel tubes 26 have an initial spring constant at the 
onset of compression and after the opposing walls of ad- 
jacent tubes make contact, the tubes have a different, 
higher spring constant. 

so It Is envisioned that the ability to control the spring 
constants can be used in various combinations to pre- 
cisely control the performance characteristics of the mid- 
sole. For example. In a preferred embodiment of the 
present invention, the heel tubes 26 are provided with a 

55 constant wall thickness, but the width 36' of the lateral 
leg 36 could be less than the corresponding width 34', 
thereby placing shorter tubes 26 on the lateral side 30 
as compared to the tubes on the medial s\6e 28. This 
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configuration would create a shoe having a higher spring 
constant along its medial edge to resist over pronation. 
In a preferred embodiment, the width 36' is approximate- 
ly 24 mm and the width 34' is approximately 26 mm. 

Furthermore, the spring constant of the forefoot 
tubes 40 may be tailored by providing thicker wall sec- 
tions in the tubes 40 in the regions proxinr^ate the medial 
edge 30 as compared to the wall thickness of the tubes 
40 in the region close to the lateral edge 28. The varying 
wait thicknesses can be incorporated Into the embodi- 
ments shown in Fig. 4 and Fig. 9. 

As is shown in Fig. 5, the heel tubes 26 are provided 
with beveled ends 26' so that the transverse width of the 
bottom surface 18 is greater than the transverse width 
of the top surface 16 at any particular point along the 
longitudinal length of the midsole 10. By providing a wid- 
er bottom surface, the midsole is able to provide greater 
stability for the athletic shoe 12. 

In the preferred embodiment of the present inven- 
tion, the midsole 10 Is provided with an outer sole 54, 
which is affixed to the bottom surface 18. Preferably, the 
outer sole 54 is made of a material having a high scuff 
resistance and substantial durability. Preferably, the out- 
er sole 54 is provided with expansion joints 56 that cover 
one or more of the slit openings 42, thereby allowing the 
forefoot section to flex and pemnitting the slit openings 
to expand. 

An alternative embodiment may Include the midsole 
of the present invention fabricated into two sections. As 
shown in Fig. 11 , the two sections would comprise a fore- 
foot section 56 and a rearfoot section 60. 

Making the midsole 10 into two sections provides 
numerous advantages. It may be possible to cut down 
on the number of molds necessary to provide midsoles 
for the full range of shoe sizes. For example, it may be 
possible to provide three different sizes of heel sections 
60, while providing five different sizes of forefoot sections 
58. The various sectbns can be mixed to provide the full 
range of shoe sizes. 

Also, by providing a midsole in two sections, it is pos- 
sible to design sections to meet specific performance re- 
quirements. For example, a rearfoot section 60 may be 
designed for a size 9, 150-pound runner having a sub- 
stantial over pronation problem, and another heel sec- 
tion 60 may be designed for a size 9, 150-runner who 
under pronates. Likewise, the spring constants in the 
forefoot section 58 can be specif ically tailored to different 
runners and performance characteristics. 

The optimum values for the design parameters stat- 
ed herein wilt be determined after extensive empirical 
data is collected. At present, the specific design param- 
eters, such as, for example, optimum heel tube thickness 
and length for an over-pronating, 150 pound runner are 
unknown, and it is envisioned that physical testing will 
be necessary to determine such parameters. 

Numerous characteristics and advantages of the in- 
vention have been set forth in the foregoing description, 
together with details of the structure and function of the 



invention. The novel features hereof are pointed out in 
the appended claims. The disclosure is illustrative only, 
and changes may be made in detail, especially in matters 
of shape, size, and arrangement of parts within the prin- 
5 ciple of the invention to the full extent indicated by the 
broad general meaning of the terms in the claims. 



Claims 

10 

1 . A midsole 1 0 for an athletic shoe 1 2, comprising: 

(a) an elongate midsole 1 0 having a heel section 
24 and a forefoot section 22; 

IS 

(b) wherein the heel section 24 includes at least 
one transversely arranged resilient tube 26; 

(c) wherein the forefoot sectbn 22 includes at 
20 least one elongate, resilient tube 40 having a 

wall defining a slit-like opening 42 along its 
length. 

2. The midsole of claim 1 wherein at least one forefoot 
25 tube wall has a wall thickness that varies along the 

length of the tube 40. 

3. The midsole of claim 2 wherein the midsole 1 0 has 
a medial margin 28 and a lateral margin 30 and 

30 wherein the wall thickness of at least one forefoot 
tube 40 wall proximate the medial margin 28 is 
greater than the wall thickness proximate the lateral 
margin 30. 

35 4. The midsole of claim 2 wherein the midsole 10 has 
a medial margin 26 and a lateral margin 30 and 
wherein the wall thickness of at least one forefoot 
tube 40 wall proximate the lateral nriargin 30 is 
greater than the wall thickness proximate the medial 

40 margin 28. 

5. The midsole of claim 1 wherein the forefoot section 
22 comprises a plurality of elongate, resilient tubes 
40 having tongitudinal axes arranged substantially 

^ orthogonal to the longitudinal axis of the midsole and 
wherein some forefoot tubes 40 are arranged along 
a medial margin 28 of the midsole and some forefoot 
tubes are arranged along a lateral margin 30 of the 
midsole, thereby forming a central forefoot region 44 

so having ho tubes therein. 

6. A midsole for an athletic shoe 1 2, comprising: 

(a) an elongate midsole 1 0 having a heel section 
ss 24 and a forefoot section 22; 

(b) wherein the heel section 24 includes a plu- 
rality of tubals 26 defining a respective plurality 
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of major axes along a center of each tubular 
opening, each tube 26 further having a first end 
and a second end, wherein the tubes are 
arranged such that their respective major axes 
are substantially orthogonal to the longitudinal 
axis of the midsole and the first ends of some 
tubes are located proximate a lateral margin 30 
of the midsole and the first ends of some tubes 
are located proximate a medial margin 28 of the 
midsole 1 0 and the second ends of those tubes 
having a first end along a margin are located 
proximate a central heel portion 32 having no 
tubes therein. 

7. The midsole of claim 6 further comprising at least 
one elongate tube 40 located at the forefoot section 
22 of the midsole and having a longitudinal axis 
arranged substantially orthogonal to the longitudinal 
axis of the midsole. 

8. The midsole of claim 7 wherein the at least one fore- 
foot tube 40 defines a slit-like aperture 42 along the 
length of the tube. 

9. The midsole of claim 6 wherein the tubes 26 having 
the first end located proximate the medial margin 28 
have a first spring constant and the tubes 26 having 
the first end located proximate the lateral margin 30 
have a second spring constant wherein the first 
spring constant Is not equal to the second spring 
constant. 

10. The midsole of claim 9 wherein the first and second 
spring constants are proportional to the length of the 

tube 26. 

11. The midsole of claim 9 wherein the first and second 
spring constants are proportional to a wall thickness 
of the tubes 26. 

12. The midsole of claim 6 wherein the tubes 26 have a 
substantially same spring constant per unit length 
and the spring constant is proportional to the tube 
length and wherein the tubes having their first end 
located proximate the medial margin 28 have a first 
length and the tubes having their first end located 
proximate the lateral margin 30 have a second 
length and the first length Is not equal to the second 
length. 

13. The midsole of claim 6 wherein the heel section 24 
and the forefoot section 22 are connected. 

14. The midsole of claim 6 wherein the heel section 24 
and the forefoot section 22 are integral. 

15. A sole for an athletk^ shoe 12, comprising: 



(a) an integrally formed rearfoot portion 24 hav- 
ing an elongate top plate 16 having a medial 
margin 28 and a lateral margin 30, a bottom 
plate 18, and a plurality of tubes 26 located 

s between the top plate and the bottom plate 

wherein the tubes are arranged to be radially 
compressed when the top plate and bottom 
plate are moved toward one another and the 
tubes have a first end and a second end wherein 
10 the first end of some tubes are located proxi- 

mate the medial margin and the first end of 
some tubes are located proximate the lateral 
nnargin and the second ends of the tubes having 
a first end proximate a margin are boated prox- 
is imate a central region 32 having no tubes 

therein; and 

(b) an integral forefoot portion 22 having a top 
plate 1 6 and a bottom plate 1 6 and a plurality of 

20 tubes 40 located between the top plate and the 

bottom plate. 

1 6. The sole of claim 15 wherein the rearfoot portion 24 
and the forefoot portbn 22 are Integrally formed 

25 together. 

17. The sole of clainri 15 wherein the rearfoot portion 24 
and the forefoot portion 22 are connected. 

30 18. The sole of claim 15 wherein the rearfoot 24 and 
forefoot 22 portions are a copolyester polymer elas- 
tomer. 



19. A sole for an athletic shoe 12, comprising: 

35 

(a) an integrally fomied rearfoot piece 24 having 
a top plate 16, a bottom plate 18, and a plurality 
of tubes 26 located between the top plate and 
the bottom plate; 

40 

(b) an integrally formed forefoot piece 22 having 
a top plate 16 having a medial 26 and a lateral 
30 margin, a bottom plate 18, and a plurality of 
elongate tubes 40 located between the top plate 

4S and the bottom plate wherein the tubes define 

a slit-like aperture 42 along the length thereof 
thereby forming longitudinal edges that are inte- 
gral with the bottom plate and wherein the bot- 
tom plate Is discontinuous at the longitudinal 

50 edges of the forefoot tubes. 

20. The sole of claim 19 wherein the forefoot tubes 40 
extend between the lateral SO and medial 28 mar- 
gins. 

55 

21. The sole of claim 19 wherein the forefoot tubes 40 
are discontinuous between the lateral 30 and medial 
28 margins thereby defining a central forefoot region 
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44 having no tubes therein. 

22. The sole of claim 1 9 wherein the forefoot tubes 40 
have a first wall thickness at an end of the tube prox- 
imate the medial margin 28 and a second wall thick- s 
ness at an end proximate the lateral margin 30 and 
the first wall thtekness is unequal to the second wall 
thickness for controlling pronatbn of a person's foot 
white ambulating. 

^0 

23. The sole of claim 22 wherein the first wall thickness 
is greater than the second wall thickness. 

24. The sole of claim 22 wherein the first wall thk:kness 

is lesser than the second wall thickness. is 

25. The sole of claim 19 wherein the reartoot 24 and 
forefoot 22 pieces are a single integral piece. 

26. The sole of claim 1 9 further comprising an outersole 20 
54 attached to the bottom plates and having an 
expansion joint 56 coincident with at least one 
slit-like aperture 42. 

ss 
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